We have investigated the fundamental properties such as structural stability, heat of formation and electronic structure of lithium and magnesium nitrogen hydrides, LiNH 2 , Mg(NH 2 ) 2 and Li 2 NH, by means of the first-principles calculations using highly precise all-electron full-potential linear augmented plane wave method.The heats of formation involved in the reactions Li 2 NH + H 2 ↔ LiNH 2 + LiH are estimated as −63kJ/mol H 2 within generalized gradient approximation and −71kJ/mol H 2 within local density approximation. Furthermore, we also obtain heats of formation concerning two elementary reactions given by an ammonia mediated model for H 2 desorption mechanism.
Introduction
One of the problems related to the employment of hydrogen-based fuel cells for vehicular transportation is "on-board" hydrogen storage. Hydrogen storage in solids has long been recognized as one of the most practical approach for this purpose. Chen et al. have shown that lithium nitride Li 3 N can absorb/desorb hydrogen in the following two-step reversible reaction with gaseous hydrogen without any catalyst [1] .
Theoretically, 10.4 mass% hydrogen can be reversibly stored in this reaction. as a catalyst to improve the reaction kinetics in the second step of the reaction [2] .
The mechanism of the desorption reaction (2) 
The experimental results show that a large amount of hydrogen ( 7 mass%) start to be desorbed at 140 • C and a desorption peak at 190
• C is formed, without any catalyst used. The hydrogenating and dehydrogenating reaction mechanism and fundamental properties of these hydrides still remain as a matter to be investigated. In particular, the crystal structure of lithium imide Li 2 NH is not fully determined yet. In this paper, we discuss the heats of formation in the reactions (1)-(4) and the fundamental properties of LiNH 2 , Mg(NH 2 ) 2 and Li 2 NH, on the basis of the first-principles calculations using all-electron full-potential linear augmented plane wave (FLAPW) method.
Computational Methods
Our first-principles calculations are based on the local spin density approximation (LSDA) or generalized gradient approximation (GGA) to density functional theory. Kohn-Sham equations are self-consistently solved in a scalarrelativistic fashion by using FLAPW method. Uniform k mesh sets of 4×4×4
for LiNH 2 , 4×4×4 for Li 2 NH, 3×3×3 for Mg(NH 2 ) 2 , 12×12×12 for LiH, and 6×6×6 for Li 3 N are adopted. Common muffin-tin sphere radii are set to be 0.8, 0.55, and 0.35Å for Li, N and H, respectivity, for all compounds and gases.
We have checked convergence of the plane-wave cutoffs for the wavefunctions and the electron density. For molecule and isolated atom calculations, we use a bcc supercell with a = 8Å and a Γ-point k sampling.
Results and Discussion

Crystal structure
To obtain the heat of formation from first-principles calculations, information on the stable crystal structure is indispensable. We have performed structural optimization in advance for all solids and gases involved in the reactions. Calculated equilibrium lattice constants are listed in Tables 1 and 2 .
Li 2 NH
As for Li 2 NH, the anti-fluorite crystal structure has been suggested in 1951, but hydrogen position has not been identified [10] . Recently, Ohyama et al.
have performed neutron powder diffraction experiments for Li 2 NH [11] . However, the hydrogen position is not well identified and they propose two models for the crystal structure. They have concluded that the F43m structure is most probable. Noritake et al. have carried out X-ray powder diffraction experiments and concluded that the space group is F m3m [12] . We have examined hydrogen positions starting from the anti-fluorite structure by using Ima2 structure where the missing Li positions are determined using first-principles calculations [14] . We have calculated total-energy difference between the two tetragonal and orthrhombic crystal structures and obtained that the orthorhombic structure is more stable than the tetragonal one by 0.22eV/f.u.
In the following study, we assume the orthorhombic structure proposed by Muller et al. proposed layered (P1) and orthorhombic (P bca) ones [16] and concluded that the most stable structure is orthorhombic (Pbca). However, energy differences between them are quite small. Our all-electron FLAPW results for the previously predicted structures are listed in Table 3 . The present results are in good agreement with pseudopotential ones. The most stable structure is orthorhombic (P bca) but energy differences to the other structures are not so large. The equilibrium volumes per formula unit in the newly predicted structures are likely overestimated compared with experiment while the orthorhombic (Ima2) structure has consistent volume [14] with experiment (216 a.u./f.u) [13] . understood by schematic energy diagrams described within molecular-orbital models for the isolated amide and imide molecules shown in Fig. 4 
Electronic structure
Heats of formation
In order to study the phase stability of compounds involved in the reactions, it is quite useful to calculate heats of formation, which is the most fundamental and important quantities for hydrogen-storage materials. Heat of formation in compounds AB is defined as where E(A),E(B) and E(AB) are calculated total energies per formula unit of an elemental metal Li, molecules N 2 ,H 2 , LiNH 2 , Li 2 NH. For example, Table 4 shows heats of formation for each compound. We have carrid out these calculations within both LDA and GGA. From the results that heats of formation for each compound and gas, we can estimate heats of formation (enthalpy change at ambient pressure) in the H absorption and desorption reactions. In these light-element H-storage materials, the zero-point energy contribution ∆H ZP E should be incorporated. In this paper, we show the heats of formation with the zero-point energies taken from some previous works by Herbst et al. [14] and Miwa et al. [17] . We are now in progress to estimate the zero-point energy contribution by performing frozen phonon calculations.
The electronic contribution ∆H el to the heat of formation for each reaction is obtained within GGA. The heat of formation in the whole reaction between the end materials (1) (Li 3 N + 2H 2 ↔ LiNH 2 + 2LiH) is found to be
Miwa et al. have reported the heat of formation of -85kJ/mol H 2 including the zero-point energy [17] . Our result is also in good agreement with the experimental value of −81kJ/mol H 2 by Chen et al. [1] . We estimate the heats of formation by separating the whole reaction (1) into the two steps. The first reaction gives
and the second reaction does
LDA calculations for the whole reaction predict ∆H 0 = −71kJ/mol H 2 with
In this case, the zero point energy contribution is taken from the results by Herbst et al. [14] . In addition, we estimate the heats of formation for the two elementary reactions mediated by ammonia (3) and (4) .
The enthalpy change in LiNH 2 for releasing NH 3 is strongly endothermic, (The experimental value for the reaction is reported to be 84 kJ/mol NH 3 [2] .) the another the reaction between LiH and NH 3 (4) is exothermic. Our results are consistent with experimental results. LiNH 2 solely desorbs NH 3 gas at much higher temperature than desorption temperature of H 2 from mixture of LiNH 2
and LiH. Experimentally, the thermal desorption mass spectroscopy (TDMS) measurements of ammonia from pure LiNH 2 show that the ammonia gas is drastically desorbed starting at 300
• C, and the desorption peaked at 350
It is also reported that gaseous hydrogen (5.5-6 mass %) between 150 and 250
• C is reversibly desorbed/absorbed in a ball-milled mixture of LiNH 2 and
LiH. Therefore, the existence of LiH is a crucial factor for H 2 desorption from compounds at low temperature.
Conclusions
Our first-principles calculations show that the most stable crystal structure 
